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outer lube (1 ) by radial oxpanskm of at least the innar tube 
with tha aid of an intemal overpressure. 

The method is paiticulafty charaderized by filling the 
Inner tuba (2) with an axplosVa gas of datenn Ined 
oompooHion, temperature and pressure, and by IgnUng and 
^o^ilodlng the gas* 

A core (14. f=lg. 2, not ^ovra) may be used to reduce the 
amount of gas reqtArad. 
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ft ifethod and ArranqgnpTrt: for Mec^ ianicallv Joiiiina an Inner Tiibe to m 

5 Ibe present Siwaition relates to a nettai for joining an inner tube laecii- 
anicaOly to an outer tube by radial esqansion of at least the inner tube 
by loeans of an intertial overpressure* 

Ihe invention also relates to an arranganent for carrying out the netbod. 

10 

It is often desirable in the oil industry, the chemical industry and in 
nuclear power plants, etc. to provide steel tublig or piping with an 
interml non-oorcodix¥j lix^ made for instance off stainless steel, Jtexnel^ 
Unoollqy or titanium. 

15 

Par scne usages, it is necessary to bond the lining to the outer tube 
atomically, \itnx±i can be achieved x*ith the aid of explosion welding, 
extrusion or surface welding techniques* 

20 Other usages, however, regoire solfily a inecianical press joint, viiiA can 
be adiieved by pressing an inner tube of nDn-<x(rroaing material radially 
oobwards and into ooaitact with the outer tube, with the aid of an internal 
li^Hri pressure. Alternatively, the outer tube can be heated during the 
pressing operatoOT, so that tte joint will be strengtbetied Jiy rfjriitage 

25 as the outer tube oools. 

In onaer to aciiievo a good join between the tubes, or pipes, the material 
of the inner tube should be def onned above its pTafrt-in limit and the outer 
^ih^ material defonaad wit^ tlie limits of its elastic limit. 

30 

Although the known nethods of creating a nectianical join are less esqpensive 
ttan the uettods for achieving an atcadc bond, they nevertheless 
PTTpl^r^^ and cost denaniing due to the large dimensixsis and lengths of 
the tubing or pitiing consemed. Par exsnple, a 36** oil pipe of 12 metres 
35 in length will acoGmmodate about 7.5 ciihic metres of pcesaire medium. 

Irrespective of vdiether radial esqansioi is effected with the aid of a 
hydtaulic punf> or with the aid an ei^ilosive charge in water, the q^cle 
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period is quite considerable and handling is relatively difficult due to tihe 
anoint of lifiiiid used* 

Ohe present inventian provixJes a q^cker and a siapler loethad of effecting 
5 a luecdianicsd join or co n nection between an inner ncR-<X3frroding liner or 
an] an outer tube. 

one present invention tinas relates to a method of joining meciianically an 
inner tube to an outer tube by radial expansion of at least the inner tube 
10 wit^ the aid of an internal ovecpresgace. 

Ihe mpt-tw^ is particularly characterized in that the inner tube is filled 
with an eaqplosive gas of determined oonposition, teaperature and paresaire, 
ani in that the gas is caused to be ignited and e:<ploded, 

15 

Ibe inwention also relates to an arrangement for joinbig n ec fa a n i c all y an 
imer tube to an outer tube by radial ej^ansion of at least tlie inner tube 
by means o£ an inteaial ovexpcessure. 

20 HbB arrangeosnt is particularly diara ct a d aed by devices for filling tte 
inner tuObe vith an eaqplosive gas of detenoined CGnposition, tesperature 
and pceasoce; and by devisee for igniting tlse expJosxvB gas and catusing 
the saae to es^Iode. 

25 'SbB invention \dll ikju be described in none dRtail with ref erenoe to 
exeoplifydxig entodinmts thereof and vith ref erenoe to tte aoocaqpaziying 
draMingSf in which 

- Figure 1 illustrates sciiCTatlcally and in axial section a first enibodi- 
inent of the inventive arrangeoiait; and 
30 - Figure 2 is an axial sectim view of an inner tube, an outer tUber and 
a filling tube or liner of a eecand entodinent of the inventive arxanganenA:« 

In the description and daims, the vord gas is used to identify both 
individual gases and gas mixtures, for eoeasple ea^losive mixtures of 
35 coribastible gas md an oxidizing gas* 



Shown in Figure 1 is an outer tube or pipe 1 in %Aiich an inner tube or 
lining 2 is placed. Ihe tubes are dosed at both ends by end covers 3, 
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3^ A mixture of oanbustible gas 5, e.g. hydrogen gas, acetylene, Iq/dro- 
cartons such as gasol, town gas, gasolene, etc., and an oxidiziiig gas 6, 
such as oxygen gas or air is introduced through one of said end ocvers. 

5 ohe plosive gas is intoided to be Fvplndpd by ignition vdtli^ e.g., an 
elec±ric ^»rk or a pyrxatechnic ignition cartridge- Hie illustrated 
«idcx3dlinent oooprises an electrical ignition QfBten, including spatk, plug 
7, cable ocxmection 8, and a hi^ voltage unit 9- 

10 Tto ref er^re 10 identifies a non-return valve vAiich prevents the explosion 
fftm propagating to the gas delivery systan upon ignition. 

one ^tessore generated within the inner tube fcy es^losion of the gas is 
detecmiJied by tiie oanpositlon, pressure and ten^ierature of the gas parixar 
15 to the coqaosion. Gas pressure can also be affected by ndxing-in other 
gases, such as nitrogen, oariaon dia>cide, etc. 

Bcpansim of the inner tube is fadUtatod when the !• defined between 
oE:posli^ surfaces of the inner and outer tubes is evacuated of air Airing 

20 the tube joining process, for instance prior to the explx^sim. Hiis can 
be achieve, for instance, with the aid of a hole 1" throi^ the alter 
tube 1 (Figure 1> \iiich places the g^ 1* in oonnMnlcation with the ambient 
surroundings of the outer tube, the gap being evacuated, for instance, 
throu^ a nifple 1' • » anJ a vacran punp not shcxm. In order to oi±ain a 

25 oantroUed ani lepcoducihle esqpansion, gas quantities and gas pressures 
are preferably controlled by autotatics 11, cocprised of solenoid valves 
and time-function electronics for instance. Aooording to one preferred 
entoodinent, the energy ccaitent of the ^(plosive gas is intended to be 
ad^±£d for plastic def orraation of the inner tube and solely for elastic 

30 defdntatlon of the outer tdbe. 

The air is evacuated throu^ a line 12 fitted witti a valve, prixar to 
introducing the explosive gas. Alternatively, the line is left qpen 
during the Initial inflow of gas and is dosed ^*en the gas pressure 
35 increases. This method is used preferably %hen the air is used as an 
oxidizing gas. 

When the e3?)losion has taken place, the pcessure is relieved througjh a 
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pressure relief line 13, whereafter the end covers are resnoved. 

m the case of cxjntinuous poroducticai, the end cxrt& thrcu^ xAdch the gas 
Is introduced is pcef erahly fixedly naunbed and lie opposite eand cover is 
5 callable of being moved aadally ty means of l^draullc devirses (not shain) 
fcac eocanple* 

In ttae case of large *i^>^ dijiensixais, the inner tube will aooonnodate such 
mace gas than that required for its expautisim. Jn this case, the gas may 

10 be given a loir Initial pressure or may be adnixed vlUi an inert gas or 
air. i^nottier alternative is to reduce the volume of the inner pipe, hf 
placii^ therein an hocogencws or hollcw rod, as indicated in Figure 2. In 
the Figure 2 embodiment, 1 identifies the outer tube, 2 identifies tiie Imer 
tube and 14 idartdf ies a rod or a tliic3c-walled tuba. Ihe end oovecs vith 

15 attzidmients ^loun in Figure 1 are not shorn in Figure 2« Ite gas is 
introduced into tbe inner tube and caused to explode in the space 15 
bsbueai Uue bear or tube 14 and the inner tube. 

Ohe invQxtive msthod and tHe mst±od of cperation c£ the inventive arzange- 
20 ment will be understood in all essentials £rcn tiba aforegain?. 

It will also have been unOerstood 1±at «ie invCTticn provides a method o£ 
joining laadianiGally an inner tube to an cuter tube in a far goicter and 
itnnh simpler manner than can be achieved witti kniMn techniques. 

25 

The invention has beai described in the aforegoing with ref croioe to 
differe nt crnbodiamts- It will be understood, barever, that, other enbodi- 
ments anfl minor modifications are oonoeivable within the scope of the 
inventive ccnoept* 

30 

For exanckla, the g^ V can be evacuated thrcucfh one of the end covers 3, 
3* , as inSicabed by the bccflcen arro«r 3** in Figure 1. 

ihe invention i»t therefore be considered limited to the af aredes- 

35 cribed and illx^tcated adxxlimants, since modlf ications can be made within 
the scope at the foUawing Claims. 
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1, A method far joining mechanically an inner tube to an outer tube fcy 
5 radial expansicm a£ at least the inner tube, with the aid of an internal 
overpressure, characterized by filling the inner tube 
with an explosive g^s and by igniting tiie gas and causing the eane to 

explode. 

10 2* A method ao o o gd ing to Claim 1, characterized by adjusting 
the energy ccntait of the explosive gas upon ignition and explosion, such 
that the inner tube will be defomied plastically and tbe outer tube will 

only be defomed elastically. 

15 3* A nethod aocording to r^p^im loc2, characterized ty 
evacuating air fraa the inner tube prior to introducing the explosive 



4. A nethod acooocding to Claim 1 or 2| characterized fcy 
20 evacuating air fron tiie inner tube with the aid of a gas intendted to 

fCQcm an explosive gas. 

5. A method aocxarding to r^iPt^m i, 2, 3ar4, characterized 
by decceosing the specific eneigy content of the esqplosive gas by using a 

25 relatively low initial pressure and/or by diluting the gas %>rLth an inert 
gas, such as nitrogen or carbon dioodde. 



6. A msGiod acoacding to Claim 1, 2, 3, 4 or 5, charac- 
terized by reducing tbe available gas-filling volume of the inner 

30 tube by pLacing a body in the inner tube. 

7. A method aooocding to Claim 1, 2, 3, 4, 5 or 6, charac- 
terized by evacuating tlie defined between the inner tube 

and the outer tuba of air during the tube joining proems. 

35 

8. A methcxi aocccdii^ to an/ one of the preceding Claims, char- 
acterized by placii^ the tubes between two covers 
which sealingly ocnnect the tubes; paxividing an explosive-cps delivery 



line at m& e«i C30ver vihidi is preferably fixedly arranged; 

prDvidii^ evacuation outlets at tha other end cover, iidiich 

is preferably rai?al?l^ of being itovel axially by means of hydraulic devices. 



5 9. A nethesd aooocding to ary one of the preceding daiins, char- 
acterized in that the cooibustihle part of the es^losiva gas 
is ccBtprised of one of the gases hydrogen gases, aoetyl^ie or hydrocarfaan 
gas, such as gasol, town gas or gRsIf Ifid petroleuEi products* 

10. An arrangement for Joining mechanically an inner 
tube to an outer tube by radial eKpansion of at least the 
inner tube with the aid of an internal overpressure, 
characterised by a device for Introducing into the inner 
tube an explosive gas; and by a further device for 
^ Igniting the explosive gas to explode the same. 

U. An arrangCTsnt aooarding to clain 10, furtiier cdsprislng a 
devijoe for adJusU^g ^ energy content of tte eacplosive gas so that 
tbB inner tube is defamed plastically and so that tba cuter tdbe 
20 is defcoed only elastically. 



12. An arrangement aocording to Claim 10 or 11, rurther 
cooprisiiig an evacuating device for evacuating air frcxa the 

inner tube prior to or in conjunction with introducing the explosive 
25 gas. 



30 



35 



13, An ar r a n ge ment aooarding to Claim 10, 11 or 12, further 
comprisiog devices for deLLv^ering an inert gas to the inner tute 

so as to reduce the specific energy content of the es^tloGlve gas. 

14. An arrangement according to Claim 10, 11, 12 or 13, 
further comprising a body for insezi:ion into the inner 
tube so as to reduce the available gas-filling voltune in 
said inner tube. 

15. An arrangement accocding to Claim 10, 11, 12, 13 cr 14, further 
coovrising a device for evacuating the gap defined between 
the inner tidae and the outer tube during the taibe joining process* 
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16. An arranqaaent aooordinqf to COaim 10^ 11, 12^ 13, 14 or 15, 

further coovrising two end oofvers betweoi UbiA tte 

tabes are sealingly diqxssed; in ttot an explosive gas delivery 

line Is pajvided In a first of said end covers said end- 

cover preferably being f i^osdly Kounted; and in that evaoiatixai cutlets 

are prwdded in tbe other of said end ocFvers, said end cover 
preferably being jnoveable axially by iteans of hsfdraulic devices foe 
instance* 

17. A method for Joining an inner tube to an outer tubo 
by radial expansion substantially as herein described and 
illustrated with reference to the eccompanying drawings. 

18. An arrangement for joining mechanically an Inner 
tube to an outer tube by radial expansion substantially 
as herein described and illustrated with reference to the 
accompanying drawings. 
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